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INTRODUCTION
Calanoida (Crustacea, Maxillopoda) is an order of Copepoda which has colonized almost every kind of aquatic environment (Boxshall & Halsey 2004) . Excluding the species inhabiting the water bodies directly connected to the sea, at present the calanoid fauna of Italian inland waters include 28 species belonging to 4 families (25 Diaptomidae, 1 Temoridae, 1 Pseudodiaptomidae, and 1 Centropagidae : Stoch 2006a) . Nevertheless the Italian territory has not been exhaustively covered by research on this crustacean group, especially in the southern part of the country (Belmonte et al. 2006; Marrone 2006) .
Apulia is the south-easternmost area of the Italian peninsula. From a biogeographical perspective, the Apulian province has been proposed as one of the six Italian faunal provinces (Minelli et al. 2006) . Stoch (2006b) specified, in detail, two different sectors for the Apulian province, the northern and the southern one (or Salento sector), both characterized by a large number of Mediterranean species. The central part of the Apulian province (the area including the hilly area called Murge), on the other hand, appears to be more characterized by European elements with a northern gravitation rather than by Mediterranean ones, thus representing a faunal hiatus between northern and southern Apulia (Stoch 2006b ).
All these considerations were based mainly on the invertebrates listed in the most updated checklist of Italian fauna (Ruffo & Stoch 2006) , according to which Apulia counts only one calanoid species, the pseudodiaptomid Calanipeda aquaedulcis, reported by Cannicci (1939) for the coastal lagoon of Lesina (in northern Apulia) and by Cavallo & Belmonte (1995) for the 'Le Cesine' wetlands (in southern Apulia). Two recent papers (Alfonso & Belmonte 2008; Scirocco et al. 2008 ) updated the checklist of Calanoida for Apulia. The following species have been included: Arctodiaptomus wierzejskii, Diaptomus cyaneus, Hemidiaptomus gurneyi for the Gargano National Park (northern Apulia) (Scirocco et al. 2008) and Boeckella triarticulata for a reservoir in central Apulia (Alfonso & Belmonte 2008) . A recent study on the genus Hemidiaptomus included some Apulian populations of Hemidiaptomus gurneyi and H. ingens that were collected within the frame of the present survey . Nevertheless, to date, no study has been addressed to the entire Apulian territory and to a biogeographical analysis of the Apulian Calanoida. As a consequence, the aims of the present paper are: i) to carry out a census of Calanoida in the inland waters of the whole Apulian faunal province sensu Minelli et al. (2006) ; ii) to clarify the distribution of collected species; iii) to analyze the biogeographical setting of the Apulian province based on its calanoid species.
METHODS

Study area
Apulia is the south-easternmost area of the Italian peninsula, stretching out towards the Balkans, which are just about 75 kilometres away; this linear distance lies along the conventional boundary between the Adriatic and Ionian Sea. With a surface area of 19,357 km 2 , Apulia is mostly characterised by an arid karst platform in its southern part, a succession of broad plains and low hills in the centre, and reaches its highest altitudes in the Gargano Promontory and Dauni Mountains in the northern part of the region, although never exceeding 1150 meters a.s.l. (ISTAT 2004) . As a consequence, Apulia is the least mountainous region in Italy, and its hydrographical surface network is poorly developed. The Apulian climate is typically Mediterranean (Macchia et al. 2000) with scarce rainfall, mainly concentrated in late autumn and winter, with average annual rainfall values generally ranging between 500 and 750 mm (Zito et al. 1991) .
Three Apulian subareas were considered to obtain the most detailed characterization possible of the Apulian calanoid fauna. These subareas are: Gargano (the promontory in the northern Apulia), central Apulia, and Salento (the peninsula corresponding to the southern Apulia) (Fig. 1). 
Sample collection and analysis
The survey was carried out from 2005 to 2010, and involved a total of 121 inland water bodies, including both temporary and permanent waters, from the sea level up to 804 m a.s.l. All the sites were sampled in the autumn-winter period, which corresponds to the ponding phase of the temporary waters in the Mediterranean area.
Zooplankton samples were collected by towing a zooplankton net (24 cm mouth, 125 μm mesh size) horizontally, as the depth of most sampled sites generally did not exceed 1 m. Samples were fixed in situ with buffered (pH 7.3) formalin at a final concentration of 4%, or with ethanol 96%. Altitude (m a.s.l.) and geographical coordinates were recorded by a mobile GPSGarmin ® 12 in each site. The habitat typology of each water-body was also recorded, specifying whether its hydroperiod was permanent or temporary.
In the laboratory, samples were analysed in order to sort and identify calanoid species with a Zeiss Axiovert inverted microscope. Species were identified according to Bayly (1992) , Dussart (1967; 1989) , Dussart & Defaye (2001) , Einsle (1993) , Kiefer (1978) , Petkovski (1983) , Ranga Reddy (1994) , Stella (1984) . The chorotype for each species was defined following Vigna Taglianti et al. (1992) and Dussart & Defaye (2002) .
Statistical analysis
EstimateS v.8.2.0 computer program (Colwell 2009 ) was used for computing rarefaction curves and to evaluate whether the sampling effort in Apulia could be considered exhaustive and representative of the actual calanoid fauna of the region. The subareas Gargano and Salento were also considered separately for the analysis with EstimateS; the central subarea was not included in the analysis because of the extremely low numbers of sampled sites and species. The species richness estimators Bootstrap, Chao 2 and Michaelis Menten were calculated. The rarefaction curve was represented by the Sobs (Mao Tau) curve (Colwell 2009 ). Based on presence/absence data of species, the mean values of uniques (i.e. species present only in a single sample) and duplicates (i.e. species present in exactly two samples), were also calculated using EstimateS program both for the entire Apulia and for its subareas.
Only the temporary water-bodies, the most widespread water-bodies in Apulia, were selected for the multivariate analysis. Permanent water-bodies were excluded from this analysis because they proved to host very rare species in Apulia, thus representing very marginal conditions for the region. Primer v6 computer program (Clarke & Gorley 2006) was used for computing the nMDS (non metric Multi Dimensional Scaling) plots on temporary sites hosting Calanoida (based on BrayCurtis similarity matrix of presence/absence data of species) according to their location in Apulia (Gargano, central Apulia, Salento). A cluster analysis (using the 'group average' as cluster mode) was also performed on the Bray-Curtis similarity resemblance matrix of presence/absence data of calanoid fauna of the Apulian subareas (data from this study) and on available data of the geographically close areas, namely the other Italian faunal provinces (Stoch 2006a; Marrone 2006 ) and the Balkan countries as Albania (Dussart & Defaye 2002; Shehu et al. 2010) , Corfu (Marrone 2006) , Croatia (Ternjej & Stanković 2007) , Greece and Turkish Trace (Güher & Kirgiz 2004; Marrone 2006) , Macedonia (Petkovski 1983) , Slovenia (Brancelj 1996) .
3.RESULTS
Species richness and distribution
Ninety-three of the 121 sampled sites ( Fig. 1 and Annex) were characterised by temporary hydroperiods (76.8% of the total), whereas 28 out of 121 were permanent waters (23.1%). Calanoida were present in 55 sites (45.5% of all sampled sites), 48 of which were temporary (51.6% of all sampled temporary sites) and 7 were permanent (25% of all sampled permanent sites). Frequencies of occurrences of Calanoida in the subareas, and details on the typology of sites for each subarea are shown in table 1. The frequency of sites hosting Calanoida is higher in Salento than in each subarea considered separately (53.2%) and in the whole of Apulia (27.3%).
On the whole, 13 calanoid species were recorded (Tab. 2). They belong to three different families: Centropagidae (1 species), Diaptomidae (11 species), Pseudodiaptomidae (1 species). Eight species were exclusive to temporary water bodies, four species were exclusive to permanent ones and one species (Eudiaptomus vulgaris) was detected in both kinds of habitat. Arctodiaptomus wierzejskii was the most common species in Apulia (18 sites) followed by Mixodiaptomus kupelwieseri (16 sites). These species were always collected in sites with a temporary hydroperiod. The rarest species were Calanipeda aquaedulcis (2 sites), Arctodiaptomus salinus (1 site), Boeckella triarticulata (1 site), and Copidodiaptomus steueri (1 site), which were detected in different typologies of permanent waters (two coastal lagoons, a retrodunal pond, a reservoir, and a small agricultural pond, respectively). In table 2 we attributed each calanoid species detected in Apulia to a chorotype (sensu Vigna Taglianti et al. 1992) . Eight different chorotypes were identified; Mediterranean species dominate the biogeographic scenario of Apulia, followed by Palearctic and European elements. Figure 2 shows the distribution maps of the inland water Calanoida in Apulia. The subarea Salento showed the highest species richness (9) when compared to the other Apulian subareas. Six species were recorded in Gargano, four of which are in common with Salento. Central Apulia was the subarea with the lowest number of species (3).
Arctodiaptomus wierzejskii is the only species present in all three subareas. Arctodiaptomus salinus, Diaptomus cyaneus, Hemidiaptomus ingens, Mixodiaptomus incrassatus and M. kupelwieseri were recorded only in Salento, Boeckella triarticulata and Copidodiaptomus steueri were found exclusively in Central Apulia, Eudiaptomus vulgaris and Mixodiaptomus lilljeborgi were exclusive to Gargano.
Rarefaction curves and species richness estimation
Rarefaction and estimation curves applied to the whole Apulian territory are shown in figure 3A . The rarefaction curve appears to be close to the plateau at 13 species. MM Means and Chao 2 estimates indicate a plateau of 15 species, Bootstrap estimate is just a little above 14 species. For all 121 sites, uniques (species present only in a single site) and duplicates (species present in exactly two sites) means tend to stabilize their trends respectively with 1 species and 3 species (Fig. 3B) .
Tab. 1. Frequency of Calanoida in Apulia (calculated as percentage of sites with Calanoida in each subarea over the total number of sites sampled) and in its sub-areas (calculated as percentage of sites with Calanoida in each subarea over the total number of sites sampled in the same area) (T= temporary sites; P= permanent sites). Considering Gargano and Salento subareas separately, different values were detected. In the first case (Fig. 3C) , the rarefaction curve indicates a plateau of 6 species, the same value reached by the Chao 2 estimator. MM Means and Bootstrap estimators have their plateau just above and just below 7 species respectively. Both uniques and duplicates stabilized at one species when sampling size was 35 sites or higher (Fig. 3D) . The subarea Salento (Fig. 3E) shows the plateau of the rarefaction curve at 9 species, and also Chao 2 estimator appears to reach the same value. MM Means and Bootstrap tend to a plateau at 10 species. Uniques and duplicates means both converge to 2 species at 62 sites (Fig. 3F) .
Results of the multivariate statistical analysis
The nMDS analysis of the temporary water bodies (Fig. 4) , derived from the presence/absence matrix, showed a group including sites belonging to the Gargano subarea mostly separated from the Salento group. Two very dense clouds of points are visible on the plot. One, on the lower right of the plot, includes all sites of Salento hosting Mixodiaptomus kupelwieseri as single calanoid species per site. The other dense cloud of points, instead, at the top at the centre of the plot, includes all sites of Gargano with Mixodiaptomus lilljeborgi as single calanoid species per site. The only two points referring to central Apulia temporary waters with Calanoida, i.e. Arctodiaptomus wierzejskii only, are located in the centre of the plot, together with points referring to the Gargano and Salento sites where the same species was detected living alone. Most of the other points on the plot represent sites (both in Gargano and Salento) where more than one calanoid species is present.
The cluster analysis (Fig. 5) , based on presence/ absence data of calanoid fauna, and performed considering Gargano and Salento separately, showed Gargano grouped with the Apennine province (61% of simila- rity); the Salento subarea, instead, is grouped with Sicily (70% of similarity) and Corfu (about 60% of similarity). These two clusters belong to a higher-order cluster which also includes Sardinia (44% of similarity) and which is well separated from the other Italian faunal provinces, (i.e. the Padanian and Alpine provinces). The Alpine province is the only Italian faunal province grouped with Slovenia, Croatia and Macedonia and separated from a second group including the Southern Balkan areas (Albania, Greece and Turkish Thrace).
DISCUSSION
Species richness
The number of inland water Calanoida detected in Apulia (13 species) as a result of the present study, is the highest, so far, for an Italian administrative region and only the second for an Italian faunal province. This high number of species is very far from what was formerly known for the area, considering that five species were reported in total, until now, as a result of the last updates (Stoch 2006a; Alfonso & Belmonte 2008; Scirocco et al. 2008) .
Arctodiaptomus Fig. 3 . A, C, E: species accumulation curves (Sobs -Mao Tau) and performance of estimators of Calanoida species richness (Bootstrap Mean, Chao 2 Mean and MMMeans -1 run) respectively for the Apulia (whole territory), Gargano, and Salento as a function of increasing sample size. B, D, F: performance of uniques (species present only in a single sample) and duplicates (species present in exactly two samples) curves respectively for Apulia (whole territory), Gargano, and Salento. Number of sampled sites are on the x-axis, number of species are on the y-axis.
and, together with those recently reported by , represents the southernmost population of its distribution area (Dussart & Defaye 2002 ) defined as Apennine-Dinaric (Stoch 2006a) . The colonization of Apulia by C. steueri, could have occurred very recently, since the species was detected only in an artificial agricultural pond. Since no kind of introduction took place in this site, and considering the proximity of the Apennines, it is most likely that C. steueri arrived here naturally expanding its distribution area. A similar case of recent colonization was documented for Boeckella triarticulata in the close Basentello reservoir (Alfonso & Belmonte 2008) .
Our record of Diaptomus serbicus is in contrast with the data reported by Scirocco et al. (2008) , who reported D. cyaneus for the same sites of Gargano where we found D. serbicus. According to our findings (data from this study), D. cyaneus is present in Apulia only in the (Petkovski 1983) ; Slovenia (Brancelj 1996). inner part of the Salento peninsula. Nevertheless further samplings are needed in order to check whether D. cyaneus actually occurs also in the Gargano area. Unfortunately it was not possible to check D. cyaneus specimens identified by Scirocco et al. (2008) because those samples had been lost (Scirocco, pers. com.) .
In Italy, Hemidiaptomus ingens was first reported for two sites in western Sicily (Marrone & NaselliFlores 2004; Marrone et al. 2010) . In Apulia it was later detected (this study) in eight temporary water bodies of the Salento Peninsula, which represent the easternmost sites of the known geographic distribution area of the species. Nevertheless, based both on morphological and molecular data , the Apulian population appears to be more similar to the Corsican population than to the Sicilian and Tunisian ones. It has been proposed that these morphological and molecular divergences might be correlated to some events of isolation and expansions of the species distribution during the Plio-Pleistocene period, when climate fluctuations allowed the development of local haplotypes . In this scenario, the similitude of the Apulian population of H. ingens to the Corsican one, rather than to the Sicilian and North-African populations, could be due to stochastic dispersal events, and not ascribable to ancient paleogeographical events. Apulia, in fact, has a paleogeographical history linked to the Aegeid area (Ricchetti et al. 1988; Doglioni et al. 1996) , conversely Corsica (together with Sardinia and part of Sicily) originates from the fragmentation of the paleocontinent Tyrrhenis (Mattei et al. 1996; Meulenkamp & Sissingh 2003) .
In Apulia, the genus Mixodiaptomus is represented by three species. The distribution map of species supplied (Fig. 2) shows the well-separated distribution areas of each species, with M. lilljeborgi occurring only in Gargano, M. incrassatus in the inner territory of Salento, and M. kupelwieseri widespread in south-eastern Salento. A somewhat similar separated distribution of the same species, in a well defined geographic area, is detectable in Sardinia (Stoch 2006a ). The fine separation of the three Mixodiaptomus species in Apulia, testifies to the very close ecological requirements of these congeneric species (Kiefer 1978) , which are able to survive in temporary waters thanks to the production of resting eggs, but are never coexisting in the same sites. In Apulia this fine distribution is a characteristic showed also by other vicariant species, such as Diaptomus serbicus/Diaptomus cyaneus and Hemidiaptomus ingens/Hemidiaptomus gurneyi, as already evidenced by other authors (Gauthier 1928; Kiefer 1978) .
The total number of Calanoida in Apulia (13 species) is comparable, even if slightly higher, to that of the close Mediterranean areas with a similar surface and/or climate. Marrone (2006) supplies exhaustive data for inland water calanoid fauna of Corfu (7 species), Greece (6 species), Sicily (11 species), Sardinia (9 species) and Tunisia (11 species) ; Jaume, (1989 Jaume, ( -1990 documented 7 calanoid species in the inland waters of the Balearic Islands; Dussart (1989) listed 15 species in all the Mediterranean area of northern Africa; Alonso (1998) listed 13 species in all the Mediterranean area of peninsular Spain.
Efficiency of sampling effort
The EstimateS curves for Apulia suggest that the area has been exhaustively explored and that a maximum of two additional species for the whole Apulian territory could be detected. Even considering the estimators separately for the Gargano and Salento subareas, we can state that the sampling effort gave a satisfactory result: in fact at most one species per area could have been missed in our sampling, in accordance with what was found for all the Apulian territory. It was not possible to compute the EstimateS curves for central Apulia, because of the low number of sampled sites hosting Calanoida. The low number of Calanoida in central Apulia mirrors the low number of inland waters present in this subarea, recognized as one of the so-called 'coldspots' for biodiversity in Italy (Stoch 2006b ). It is also emblematic that the only non indigenous species detected (Boeckella triarticulata) was found in central Apulia. This species, however, has been suspected to be an opportunistic species which easily colonizes newly-formed sites, such as the most recent dam reservoirs (Alfonso & Belmonte 2008) . The same area is inhabited by the most common species in Apulia (Arctodiaptomus wierzejskii), and the Apennine-Dinaric species Copidodiaptomus steueri that is very close to its formerly known distribution area here.
Although the EstimateS curves referring to the whole Apulian area revealed an adequate sampling effort to describe the actual Apulian calanoid fauna, some subareas still remain nearly unexplored as regards the zooplankton of the inland waters, and consequently their calanoid fauna is still unknown. The Tavoliere plateau (in northern Apulia, south-west of the Gargano promontory) is the larger among these subareas, nevertheless it is considered as one of the cold-spots of biodiversity for Italian fauna (Stoch 2006b ). For this reason, we hypothesize that the contribution of the Tavoliere plateau to the Apulian Calanoid fauna should be very small.
Species distribution
The nMDS plot of temporary waters highlights the differences between the subareas, mainly for the stronger grouping of Mixodiaptomus lilljeborgi (present only in the Gargano subarea) and M. kupelwieseri (present only in the Salento subarea). Eudiaptomus vulgaris, the only species present both in temporary and permanent waters, is the second species (in terms of number of sites in which it is present) peculiar to the Gargano subarea. Conversely a larger number of species characterize the temporary ponds of Salento, they are Diaptomus cyaneus, Hemidiaptomus ingens and Mixodiaptomus incrassatus.
Arctodiaptomus salinus, detected only in a single permanent coastal salt lake, has to be added to the list of species that differentiate the calanoid fauna of Salento. At present the site in Salento hosting A. salinus represents the only site showing this species in all the Italian mainland. The presence of this species in Apulia is an element in common with two other Italian faunal provinces, Sardinia and Sicily.
The chorotype analysis revealed that the chorotypes represented by Apulian Calanoida are mainly Mediterranean and then Palearctic. A slightly different result was found in a recent study (Marrone et al. 2007 ) on 17 anomopod taxa of 18 Apulian inland waters, where the Palearctic species seem to characterize the region more than the Mediterranean ones. The different results could be influenced by the different number of sampled sites in the two studies. On the other hand there is an element in common between the study of Marrone et al. (2007) and the present research: the lack of typical and strictly eastern taxa among the species detected, in spite of the Aegeid paleogeographic history of Apulia. Nevertheless considering the distribution of Diaptomus serbicus and Hemidiaptomus gurney in the European-Mediterranean area (Dussart & Defaye 2002) , these two species could be considered the only two Apulian Calanoida with a slight eastern gravitation. Moreover the Gargano subarea shares with the Apennine province the presence of the Asiatic-European species Eudiaptomus vulgaris. The central Apulian subarea, in spite of the low number of species, displays a similarity with the Apennines as well, due to the presence of Copidodiaptomus steueri.
Conversely, Hemidiaptomus ingens and Diaptomus cyaneus, species with a western gravitation and present also in North Africa (Dussart & Defaye 2002) , occur only in the Salento subarea, that is the Apulian subarea with a more pronounced Mediterranean climate (Macchia et al. 2000) .
The cluster analysis, based on Calanoida of the Apulian subareas and those of the geographically close areas, reveals the presence of 'two different Apulias' (Gargano and Salento). This result is in accordance with what was found by Stoch (2006b) who proposed two different sectors for the Apulian faunal province, mainly based on herpetofauna and terrestrial and inland water invertebrates. At the same time, the cluster analysis suggests that Calanoida is not a suitable taxa to define the Apulian faunal province. The scenario described by the inland water Calanoida suggests that even if Apulia has a predominantly Mediterranean assessment on the whole, Gargano is more similar to the Apennine province, while Salento is more similar to the Sicilian province. The reason for these similarities might be explained by climatic causes and environmental reasons. Gargano is the Apulian subarea with the colder microclimate and it is geographically very close to the Apennines; conversely Salento is warmer, like Sicily, with steno-Mediterranean characteristics. This set of elements, together with the lack of endemic species, suggests that the current Calanoida assessment in Apulia appears to be rather 'young' and could derive from a recent colonization, which very likely started only in the post-glacial period. In addition, climate and environmental conditions could have also favoured a calanoid fauna characterised by species able to produce resting eggs (see Gauthier 1928 and Kiefer 1978) , and thus adapted to surviving in the temporary waters, the most common typology of surface inland water in Apulia.
Considering that Apulia covers a surface of less than 20,000 km 2 , the number of Calanoida detected appears high. Such a diversity likely reflects an environmental context (mainly determined by climatic conditions and the geographic location) that confers on this area a role of transitional territory where Mediterranean, European and Palearctic species co-occur.
A P P E N D I X List of the sampling sites. Each site is described by: a code; the name of the locality with the administrative province in brackets; the hydroperiod (T = temporary, P = permanent); latitude North and longitude East referred to WGS84 datum. Codes of the sites hosting Calanoida are in italic. S = Salento; C = Central Apulia; G = Gargano. 
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